Objective: This study aims to determine the association of preexisting cardiovascular risk factors and cardiovascular diseases with hysterectomy with bilateral ovarian conservation using a case-central design.
A lthough cardiovascular disease (CVD) is the leading cause of morbidity and mortality among US women, strategies for its early recognition and prevention are limited. 1 The American Heart Association's 2007 update on cardiovascular prevention encouraged the assessment of cardiovascular risk during routine medical visits and the exploration of risk associated with gynecologic conditions. 1 For most women aged 18 to 64 years, gynecologic visits are the main point of contact with medical providers and may offer an opportunity for early recognition of cardiovascular risk factors or CVDs. 2 Moreover, gynecologists perform as well as or better than general medical physicians in providing preventive services, including counseling on tobacco cessation, diet and exercise, and colorectal screening. 2 Screening specific for CVD prevention (such as evaluation of blood pressure and lipids) improved when women saw a gynecologist in addition to a general medical physician. 3 Determining which gynecologic conditions predispose women to CVD is important to optimize CVD screening by gynecologists. Gestational diabetes mellitus is a good example of this paradigm. Research has shown that gestational diabetes puts women at higher risk for type II diabetes later in life. 4 Currently, gynecologists are more likely than family medicine physicians to screen women who experienced gestational diabetes for diabetes after pregnancy and to counsel women on the future risk of diabetes. 5 Knowledge of obstetric conditions and their future risks was cited as a reason why gynecologists outperformed other physicians in preventive screening in this area. 5 Hysterectomy has been associated with a higher frequency of cardiovascular risk factors such as hypertension, hyperlipidemia, and obesity at the time of surgical operation. [6] [7] [8] [9] However, these studies were limited by small sample sizes and lack of generalizability. [6] [7] [8] [9] In addition, the cardiovascular risk factors considered varied across studies. Most studies of long-term outcomes after hysterectomy were retrospective and did not have information about preexisting cardiovascular risk factors and CVDs. 10, 11 Not accounting for these baseline risk factors or conditions may lead to confounding.
Hysterectomy with bilateral ovarian conservation is increasing in frequency because several studies have shown the cardiovascular and neurologic benefits of conserving the ovaries. [12] [13] [14] [15] However, the long-term effects of hysterectomy with ovarian conservation are understudied. In this article, we describe baseline cardiovascular risk factors and CVDs in women undergoing hysterectomy with ovarian conservation using a case-control design. These findings will allow us to differentiate baseline risk factors or conditions from long-term CVD outcomes after hysterectomy with ovarian conservation.
METHODS

Study population
As part of the Mayo Clinic Study of Uterine Disease and Health, we studied all of the Olmsted County, MN women who underwent hysterectomy with ovarian conservation (and without prior unilateral or bilateral oophorectomy) for a benign indication during a 38-year period (January 1, 1965 through December 31, 2002) . The cohort was identified through the records-linkage system of the Rochester Epidemiology Project (REP) using methods that have been described in detail elsewhere. [16] [17] [18] [19] [20] [21] In brief, REP electronic indexes were searched for procedural codes for hysterectomy and diagnostic codes for indications. The REP is a population-based records-linkage system that includes the records of all inpatient and outpatient medical providers in the local community. 22 The REP includes the Olmsted Medical Center, Mayo Clinic, their three affiliated hospitals, and several smaller health care providers. Mayo Clinic is a major tertiary care center; thus, referrals outside Olmsted County are limited. Details of the Olmsted County population have been reported elsewhere, and the generalizability of this population to other populations in the United States has been studied. [23] [24] [25] Each woman undergoing hysterectomy with ovarian conservation (case) was individually age-matched (AE1 y) with a control woman residing in Olmsted County during the index year (year of hysterectomy in her matched case), using the resources of the REP. Control women were selected randomly from the complete list of all women included in the population in any given year (REP census enumeration). 25 Control women were excluded if they had undergone a hysterectomy or oophorectomy (either unilateral or bilateral) before the index date. Cases and controls were excluded if they had not provided authorization for the use of their medical records for research or if they were younger than 18 years at the index date. The study was approved by the institutional review boards at Olmsted Medical Center and Mayo Clinic.
Collection of clinical data
All cardiovascular risk factors before the index date were obtained electronically using diagnostic codes for diabetes, hypertension, hyperlipidemia, obesity, and polycystic ovary syndrome. Because the diagnostic code for metabolic syndrome was not in use for a large segment of our study period, we defined metabolic syndrome indirectly as at least three of the following four conditions: hyperlipidemia, hypertension, diabetes, or obesity. We also used diagnostic codes for metabolic syndrome, when available. Diagnostic codes for CVD-including myocardial infarction, coronary artery disease (including codes for atherosclerosis), congestive heart failure (CHF), and stroke-that occurred before the index date were also obtained electronically. We combined myocardial infarction, coronary artery disease, and CHF into a composite measure of cardiac disease (cardiac disease composite). Finally, we added stroke to create a second composite measure of the full spectrum of CVD (CVD composite). Only women who received at least two codes for a given risk factor or condition, separated by more than 30 days, were considered exposed to decrease the risk of false-positive diagnoses. For diagnostic codes received before 1994, we required a 1-year separation because a finer dating of the codes in our system was impossible during that time frame. A detailed list of the diagnostic codes used in this study can be obtained from the authors upon request.
Statistical analyses
Consistent with the matched case-control study design, conditional logistic regression models were used to estimate odds ratios and corresponding 95% CI for each cardiovascular risk factor and CVD. We also used multivariable regression models that included all cardiovascular risk factors, except for metabolic syndrome (because it was defined using the same cardiovascular risk factors). All P values were two-sided, and P < 0.05 was considered statistically significant. Analyses were performed using the SAS software package version 9.3 (SAS Institute Inc, Cary, NC).
Analyses were also stratified by age ( 35, (36) (37) (38) (39) (40) 41 -45, 46-50, and >50 y) and by indication for surgical operation. We present data for uterine leiomyomas and uterine prolapse. These indications were chosen because uterine leiomyomas are common in younger women, uterine prolapse is common in older women, and the two indications have different pathophysiologies. Precancerous conditions, menstrual disorders, endometriosis, menopausal disorders, inflammatory diseases, and obstetrical complications were grouped together as ''other indications'' because they were either too heterogeneous or too uncommon to analyze separately.
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RESULTS
Population description
During the 38-year study period, 9,893 women underwent hysterectomy with or without oophorectomy; however, 878 women (8.9%) were excluded because they did not authorize the use of their medical records for research. Of the remaining 9,015 women, 3,816 women underwent hysterectomy with bilateral ovarian conservation for a benign indication and were included as cases. The median age at hysterectomy with ovarian conservation was 41.0 years (interquartile range [IQR], 36.1-46.7 y): 24.6% of women (n ¼ 939) were aged 35 years or younger; 25.6% of women (n ¼ 978) were aged 36 to 40 years; 22.8% of women (n ¼ 870) were aged 41 to 45 years; 10.2% of women (n ¼ 390) were aged 46 to 50 years; and 16.8% of women (n ¼ 639) were older than 50 years at the time of hysterectomy. Leiomyomas were the most common indication (n ¼ 1,125; 29.5%), followed by precancerous conditions of the endometrium or cervix (n ¼ 878; 23.0%), prolapse (n ¼ 805; 21.1%), menstrual disorders (n ¼ 678; 17.8%), and endometriosis (n ¼ 191; 5.0%). The remaining 139 women (3.6%) had less frequent diagnoses, including menopausal disorders, inflammatory diseases, and obstetrical complications.
The median duration of enrollment in the records-linkage system preceding the index year was 19.3 years (IQR, 11.4-28.1 y) for cases and 16.8 years (IQR, 9.2-23.5 y) for controls (median difference, 1.9 y; Wilcoxon signed rank test, P < 0.001). In addition, 92.6% of cases and 91.2% of controls had at least 3 years of continuous enrollment within the records-linkage system preceding the index year (McNemar's test, P ¼ 0.03).
Cardiovascular risk factors and CVDs
In univariable analyses of the entire sample, the odds ratios for hyperlipidemia, obesity, and metabolic syndrome were significantly elevated in women undergoing hysterectomy with ovarian conservation compared with controls (Table 1) . By contrast, hypertension, diabetes, polycystic ovary syndrome, and CVDs did not differ significantly between cases and controls in univariable analyses. In a multivariable model of cardiovascular risk factors, results were attenuated, and only obesity remained significant (Table 1) .
Age stratification
In univariable analyses, hysterectomy with ovarian conservation was significantly associated with obesity for all age groups, except for women older than 50 years ( Table 2 ). In multivariable analyses, the association with obesity remained significant for women younger than 36 years, women aged 41 to 45 years, and women aged 46 to 50 years. Women who underwent hysterectomy at age 36 to 40 years also had increased frequency of hypertension, hyperlipidemia, and metabolic syndrome in univariable analyses. Results were attenuated, and only hypertension remained significant in multivariable analyses.
The youngest age stratum showed a strong association between hysterectomy and stroke. The other CVDs were too rare to evaluate. Polycystic ovary syndrome, a rare risk factor in our sample, had a particularly strong association with hysterectomy with ovarian conservation in the youngest age stratum; however, the association was not statistically significant. The frequency of indications for hysterectomy in women younger than 36 years differed slightly from the overall cohort: uterine leiomyomata (14.8%) and prolapse (16.4%) were less common, whereas menstrual disorders were more common (29.5%). Obstetrical causes of hysterectomy were uncommon (included in ''other indications,'' which comprised 7.9% of the indications for surgical operation). 
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Women who underwent hysterectomy with ovarian conservation after age 50 years had a significantly lower frequency of CHF and stroke than controls ( Table 2 ). There were no significant associations between hysterectomy with ovarian conservation and CVDs among women aged between 36 and 50 years.
Indications for surgical operation
Obesity was significantly associated with hysterectomy with ovarian conservation in both univariable and multivariable analyses across all indications for surgical operation (Table 3 ). Women who had hysterectomy with ovarian conservation for prolapse also had a higher frequency of hyperlipidemia and a lower frequency of diabetes compared with controls in multivariable analyses. In ''other indications'' for surgical operation, cases had a higher frequency of hyperlipidemia, hypertension, obesity, and metabolic syndrome compared with controls in univariable analyses; only obesity remained significant in multivariable analyses.
DISCUSSION
Women who underwent hysterectomy with ovarian conservation for a benign condition had a higher frequency of cardiovascular risk factors; however, after adjustment for other risk factors, obesity seemed to be the primary driver of these associations. These findings provide an opportunity for women's healthcare providers to improve screening for cardiovascular health. Obesity was associated with hysterectomy across all indications for surgical operation and in most age strata. Obesity is a risk factor for several gynecologic indications for hysterectomy, including fibroids, prolapse, abnormal uterine bleeding, and precancerous conditions. [26] [27] [28] [29] [30] Thus, preventing or treating obesity may not only improve cardiovascular health but also reduce hysterectomy rates.
Because obesity is associated with hyperlipidemia and hypertension, we observed some significant associations with these risk factors in our univariable analyses and in some of the multivariable analyses. For example, hypertension remained significant in multivariable analyses in one age stratum, and hyperlipidemia was significantly associated with hysterectomy with ovarian conservation for prolapse. The frequency of metabolic syndrome-a marker for women with multiple comorbidities-was elevated in cases for nearly all strata, but the association was significant only in the overall cohort, in women aged 36 to 40 years, and in women who underwent hysterectomy for indications other than leiomyomas or prolapse.
It initially seems counterintuitive that women with obesity, hypertension, hyperlipidemia, and metabolic syndrome were selected as candidates for surgical operation. However, during our study period , the most common alternative to hysterectomy for many gynecologic conditions (leiomyomas, abnormal uterine bleeding, and precancerous conditions including endometrial hyperplasia) was medical treatment with high-dose estrogen formulations such as oral contraceptives. Estrogen treatment would have been discouraged in women with these significant comorbidities, particularly in the youngest women, who were years away from natural menopause. Thus, hysterectomy may have been the best choice for these women.
In our study, age at surgical operation and indication modified the association with cardiovascular conditions. Women who underwent hysterectomy before age 36 years had a higher incidence of preexisting stroke compared with controls. By contrast, women who underwent hysterectomy after age 50 CARDIOVASCULAR CONDITIONS BEFORE HYSTERECTOMY years had a significantly lower incidence of preexisting stroke and CHF than controls. Similarly, women who underwent hysterectomy with ovarian conservation for prolapse had a nonsignificantly lower frequency of most CVDs. These findings may be attributed to surgical selection. Young women with a history of stroke would not be candidates for oral contraceptives, whereas older women with comorbidities may have been encouraged to avoid hysterectomy until menopause. During our study period, there were alternatives to hysterectomy for treatment of prolapse, including pessary and colpocleisis, which were often preferred to major surgical operations for women with multiple comorbidities.
Our findings are consistent with prior studies that reported on preoperative cardiovascular risk factors. In a prospective study of women older than 41 years, body mass index was significantly higher in women who underwent hysterectomy compared with women who underwent natural menopause. 8, 9 Similarly, self-reported hypertension was associated with more than a twofold increased risk of hysterectomy or gynecologic surgical operation. 6, 7 In addition, more women in the 
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hysterectomy group were using lipid-lowering medications before surgical operation. 8 Our study extends these studies, which were limited by small numbers of women who underwent hysterectomy (n < 200) or by restrictive inclusion criteria (eg, narrow age ranges). [6] [7] [8] [9] Our study differs from several prior studies in which hysterectomy for leiomyomas was associated with hypertension and atherosclerosis. [31] [32] [33] [34] [35] These associations have biologic plausibility because hypertension, atherosclerosis, and leiomyomas may share similar mechanisms involving inflammatory pathways, vascular dysfunction, or plaque formation. 32, [36] [37] [38] However, most previous studies did not control for body mass index or showed greatly attenuated results when body mass index was used in multivariable analyses. A recent study compared women who had surgically treated fibroids with women who underwent gynecologic surgical operation for other reasons and with population controls; hypertension was significantly more common in women undergoing surgical operation for fibroids, independently of body mass index. 39 Finally, carotid intimal thickness, a predictor of atherosclerosis, was significantly elevated in nonobese women with leiomyomas compared with agematched controls. 40 Thus, we hypothesized that women who underwent hysterectomy with ovarian conservation for leiomyomas would have higher cardiovascular risk factors. Despite the biologic plausibility, we found no significant association between leiomyoma indication and hypertension or CVD, and obesity was similarly associated across all three groups of indications. Our study included predominantly white women who tend to have a lower prevalence of hypertension than other race or ethnic groups, and we did not screen controls to exclude women with fibroids. These methodological differences may have contributed to the divergence of the findings from those of prior studies. Surprisingly, hyperlipidemia was more strongly associated with prolapse indication than with leiomyoma indication.
Strengths and limitations
Our study was population-based and included all incident events of hysterectomy with ovarian conservation for a benign indication across 38 years. This study design reduced the risk of selection bias or incidence-prevalence bias. In addition, all data pertaining to the dependent variable (case-control status) and the independent variables (preexisting cardiovascular risk factors or CVDs) were obtained passively from medical records. These methodological features reduced the risk of recall bias or interviewer bias. On the other hand, the study had some limitations. This study was specifically designed to investigate the long-term effects of hysterectomy with ovarian conservation; therefore, we excluded women with concurrent unilateral or bilateral oophorectomy. This restriction may have shifted the sample toward younger women. In addition, our study may reflect changes in surgical practice across time. For example, hysterectomy with concurrent oophorectomy was more common in the study time frame than in recent years.
A second limitation was the use of electronic codes to define both the dependent variable (case-control status) and the independent variables (cardiovascular risk factors or CVDs). A small-scale validation study showed adequate agreement between electronic codes and manual abstraction of the full text of the records for the definition of hysterectomy with ovarian conservation (sample of 100 women; 99% agreement). 16 Similarly, other validation studies including both men and women showed adequate agreement between electronic codes (at least two codes for a given condition) and manual abstraction of records (82% in persons with myocardial infarction and 83%-90% in persons with cerebrovascular disease; unpublished data). These findings suggest that electronic codes may be a reasonable surrogate for actual risk factors or diseases of interest. In addition, we used the same coding definitions for both cases and control, thus reducing possible biases (nondifferential misclassification). Finally, to avoid the risk of false-positive diagnoses of cardiovascular risk factors and CVDs, we considered women to be exposed only when they received at least two codes for a given condition separated by more than 30 days. However, for diagnostic codes received before 1994, we required a 1-year separation because a finer dating of the codes in our system was impossible. This requirement of two codes has been used in other studies. 41, 42 A third limitation was the difference in the length of enrollment in the records-linkage system before hysterectomy between cases and controls. Although the median difference was only 1.9 years, this asymmetry may have caused some bias. This difference was unexpected given the random sampling of control women from the general population. However, prior studies have documented that women of lower socioeconomic status have a higher risk of undergoing hysterectomy. These women may also have lower mobility (in and out of the county) for education or occupation, thus resulting in longer continuous enrollment in our system. 43 To address a potential bias, we conducted a set of sensitivity analyses in which the diagnoses for each case-control pair were considered only for the shorter of the two capture times. The findings did not change noticeably (data not shown).
A final limitation was that the Olmsted County population is predominantly of central and northern European descent, and our findings may not be generalizable to other ethnic groups; however, the social and demographic characteristics of this population are similar to the characteristics of a large segment of the US population. 24 
CONCLUSIONS
Our study extends the evidence for an association between hysterectomy with ovarian conservation and preexisting cardiovascular risk factors and CVDs. The association with preexisting CVDs is age-related; young women have a higher frequency of stroke, and older women have a lower frequency of stroke and CHF compared with matched controls. Our findings may stimulate the engagement of gynecologists in preventing CVD. Women who are candidates for hysterectomy may have CARDIOVASCULAR CONDITIONS BEFORE HYSTERECTOMY comorbidities in addition to obesity and should undergo diagnostic tests and preventive interventions, when indicated. Further analyses are being conducted in our population to study the effects of hysterectomy with ovarian conservation on the longterm risk of CVD after adjusting for the baseline cardiovascular risk factors or CVDs described in this article.
